Killed Bordetella pertussis organisms possess a variety of biological activities; adjuvanticity, induction of hypersplenia, leukocytosis, and increase of nonspecific resistance against infection are the most prominent activities (5, 16) . However, until now it has remained obscure whether the endotoxic moiety of killed B. pertussis organisms alone, as described by Malkiel and Hargis (15) , or other structural components in conjunction with endotoxin, as suggested by other workers (9) , are responsible for the biological effects of killed B. pertussis organisms. Very recently it has been reported (1) that a nontoxic component of B. pertussis endotoxin is able to increase nonspecific resistance against infection. Therefore, the C3H/HeJ inbred mouse strain, which, due to a single gene defect (25) , is not susceptible to bacterial lipopolysaccharide (LPS) (3, 17, 18, 20, 22, 24) was chosen to test whether killed B. pertussis organisms are able to produce adjuvanticity, hypersplenia, leukocytosis, and modification of nonspecific resistance in this strain of mice.
MATERIALS AND METHODS
Mice. C3H/HeJ and C3HeB/FeJ mice were purchased from Jackson Laboratories, Bar Harbor, Maine. NMRI/Han mice were obtained from the Central Institute for Laboratory Animals, Hannover, Federal Republic of Germany. Throughout these experiments, male animals weighing between 22 and 26 g were used. The mice were fed ready-made pellets ( Mackaness (14) , employing L. monocytogenes serotype 4b as published elsewhere (10) . At certain intervals after the intravenous infection, the germ numbers in the spleen were evaluated by culture of homogenized splenic tissue in a 10-fold dilution in tryptose agar (Difco Laboratories, Detroit, Mich.).
Histomorphological studies. Immediately after sterile removal of the spleen, a portion of this organ was fixed in 3.5% buffered Formalin for 24 h. After fixation, tissues were embedded in paraffin, and corresponding histological sections were stained with hematoxylin-eosin. Morphological analysis was focused on the detection of follicular hyperplasia, lymphoblasts, and plasma cells. The findings were evaluated semiquantitatively as described earlier (11 zation, all animals were given a booster of 4 x 10' SRBC i.p. On days 5, 10, 14 , and 28 after primary immunization and on day 4 after secondary immunization, numbers of direct and indirect PFC in the spleens were counted, and circulating antibodies against SRBC were measured in the sera of all animals. As shown in Fig.  1 , killed B. pertussis organisms exhibited a distinct adjuvant activity in both C3H strains. Furthermore, the typical course of the adjuvant action of killed B. pertussis organisms, with delayed onset during the primary response and a profound effect during the secondary response, was evident in all experimental animals. Especially in respect to the indirect PFC, primarily representing 7S antibody producers, the action of killed B. pertussis organisms was significant (2P < 0.05) throughout the period of observation. This has likewise been found in other mouse strains (4, 8) . The estimation of the overall adjuvant effect, i.e., the increase in PFC irrespective of cell type (indirect or direct PFC) and time after priming, revealed that killed B. Tables 1 and 2 . From the data shown it is obvious that the follicular hyperplasia (Table 1) and the numbers of lymphoblasts and immature and mature plasma cells (Table 2) were considerably greater in animals treated with killed B. pertussis organisms than in control animals of the same mouse strain. However, these differences were more marked after primary immunization than after secondary immunization (Tables 1 and 2). On day 4 after the booster injection, all experimental animals exhibited numerous plasma cells in the red pulp of the spleen (Fig. 3) (Fig. 4) . As is also evident from the data presented in Fig. 4 This timing is known to provide optimal conditions for an increase of nonspecific resistance by killed B. pertussis organisms. At days 3, 4, and 7 after infection, the numbers of viable bacteria in the spleens were counted. Significant differences in numbers of L. monocytogenes between groups pretreated with killed B. pertussis organisms or untreated were found in both mouse strains (Table 3) . No differences in the activity of killed B. pertussis organisms could be observed in C3H/HeJ and C3HeB/FeJ mice. Injection of killed B. pertussis organisms simultaneously with viable L. monocytogenes is known to decrease resistance to the parasite (12) . Thus, in a second experiment, C3H/HeJ and C3HeB/ FeJ mice received an i.p. injection of 3 x 109 killed B. pertussis organisms simultaneously with the intravenous infection of 4 x 103 viable L. monocytogenes organisms. Controls consisted in HeJ and FeJ mice without injection of killed B. pertussis organisms and in NMRI mice with and without application of killed B. pertussis organisms together with viable L. monocytogenes. At days 1, 2, and 5 after infection the spleens of the experimental animals were removed, and the numbers of viable bacteria were counted. Figure 6a shows the results obtained in C3H/HeJ, and Fig. 6b shows the results in C3HeB/FeJ mice. As is obvious from Fig. 6a and b, killed B. pertussis organisms, when given simultaneously with the infection, induced a significant decrease in resistance to L. monocytogenes. Differences between the various strains were found in regard to mortality; 90% of NMRI mice and 100% of C3HeB/FeJ mice pretreated with killed B. pertussis organisms died within the period of observation, whereas only 10% of similarly treated C3H/HeJ mice succumbed to the infection. (10) .
Further characteristics of the biological activity of killed B. pertussis organisms are the induction of splenic hyperplasia, leukocytosis, and a morphologically distinct response of the lymphatic organs (2, 7) . Previous studies (9) indicated that LPS of B. pertussis is unable to elicit leukocytosis, a finding confirmed by our experiments. Hypersplenia and the typical response of the lymphatic organs were also present in LPS-nonresponding HeJ mice, although to a slightly lesser extent than in mice susceptible to LPS.
Further studies will be necessary to test whether the endotoxin protein, described as mitogenic for C3H/HeJ lymphocytes (23) , or other distinct structural components of killed B. pertussis organisms are responsible for these effects. According to the studies described here, such 
